Introduction
Germanium is a logical supplement to enhance existing silicon semiconductor technologies, as its material behavior is very similar to Si, and it allows new and improved functionality [1] . Ge has potential in spintronic, optical detection and lasing fields and is an accommodating buffer for III-V materials making it an excellent platform for photonic devices. Major advantages of growing Ge epitaxially on Si are that Ge based devices can be manufactured on a Si substrate, using existing Si technologies, and that the Si (001) substrate has superior mechanical properties compared to bulk Ge (001): it is lighter, less brittle and considerably less expensive to produce. However, due to the large 4.2% lattice mismatch between Ge and Si only a few monolayers of Ge can be grown pseudomorphically on Si (001), with thicker layers relaxing to the bulk Ge lattice parameter through the formation of misfit and threading dislocations. Nevertheless, high-quality crystalline Ge layers can be grown epitaxially on Si (001) that are almost fully relaxed, with sub-nm roughness and low defect densities [2] , although such epitaxial Ge on Si is still susceptible to electrical leakage by conduction through the dislocation network still present in the layer. Generally, research efforts have focused on reducing the threading dislocation density (TDD); however, it has been speculated that the deleterious surface-to-surface conduction could be prevented if, instead, the misfit dislocations could be removed.
Results and Discussion
Recently, we have demonstrated the growth of tensile strained Ge layers on a Si (001) substrate using RP-CVD and a method to develop free standing, tensile strained Ge microwires using simple wet etching ( figure 1(a) ) [3] . By suspending the Ge layer the Ge/Si interface can be removed along with the majority of the misfit dislocation network. In this way a tensile strained Ge freestanding membrane could be enabled for use as platforms for CMOS, optoelectronic and cryogenic integration purposes.
In this work we report spatially resolved scanning X-ray micro-diffraction across a 114 nm thick, suspended Ge membrane ( figure 1(b) ). A series of reciprocal space maps (RSMs) were obtained along the and directions with 4 m spatial resolution. Detailed information on the strain distribution, crystalline tilt and thickness of the membrane was obtained from variation in the RSMs. obtained from different regions, as shown in figures 2 (a)-(c). Other than at the membrane edge, the Ge peak is centered on confirming the membrane is tilt free with respect to the Si substrate. The observation of thickness fringes (figure 2(d)), coupled with the reduction of the FWHM of the Ge peak in ([110]) ( figure 3(a) ), shows that removing the Si substrate results in a smooth rear surface and suggests that the misfit dislocation network has disappeared. The Ge peak shift in ([001]) ( figure 3(b) ) corresponds to a change in tensile strain; the membrane edge is slightly more relaxed than the bulk material (this partial strain relaxation causes bending of the lattice planes explaining the tilt at the edge), whereas the strain distribution across the membrane is symmetric and the membrane is slightly more tensile strained than the bulk material. Plan-view TEM (figure 4) confirms that the misfit dislocation network is removed with the Si substrate and AFM shows that the surface is smoother after suspension (2.16 ± 0.16 nm compared to 2.66 ± 0.05 nm).
Conclusions
The membranes have the potential to be excellent growth and integration platforms: compared to bulk Ge epitaxially grown on Si (001) they are perfectly flat and XRD and PV-TEM confirm the misfit dislocation network has been removed. The strain profile across the membrane is symmetrical and the membrane is slightly more tensile strained than the bulk material. The difference in strain across the membrane is too small to create a large variation in optical device performance across the entire membrane. Coupled with the smoother surface and absence of misfit dislocation network compared to the bulk material, the membranes are both excellent strain tuning platforms for optical applications and, more generally, for growth of subsequent active layers. 
